All relevant data can be found in the Supporting Information files ([S1 Data file](#pone.0193311.s012){ref-type="supplementary-material"}) of the paper.

Introduction {#sec001}
============

Charlie Chaplin once said that "you'll never see a rainbow, if you're looking down". His famous saying implies that we do not notice the good things around us with a pessimistic attitude. Is that true? Does being optimistic or pessimistic influence which parts of our environment we pay attention to? To answer this question, we focus on the interplay between two important cognitive phenomena displayed by humans: optimism bias and positive attention bias.

Research has shown that approximately 80% of humans overestimate the likelihood of positive events and underestimate the likelihood of negative events in their future---a phenomenon called optimism bias \[[@pone.0193311.ref001],[@pone.0193311.ref002]\]. In contrast to healthy people, who tend to be overly optimistic, patients suffering from depression do not display an optimism bias and are rather realistic about their future \[[@pone.0193311.ref003]\]. Therefore, optimism bias is broadly viewed as a necessary psychological adaptation that promotes mental health \[[@pone.0193311.ref003],[@pone.0193311.ref004]\] and ensures motivation for goal-directed behavior \[[@pone.0193311.ref005],[@pone.0193311.ref006]\]. However, being too optimistic can also have dramatic negative consequences and might lead to criminal or addictive behavior, especially when people underestimate the negative consequences of committing a crime or consuming drugs \[[@pone.0193311.ref007],[@pone.0193311.ref008]\].

Notably, optimism bias is displayed even considering contradictory information \[[@pone.0193311.ref009]\]. People find it more difficult to adapt their expectancies regarding important future life events when they receive feedback that is worse than expected (bad news such as that the average likelihood to incur serious health problems is higher than the individual had initially predicted for herself) than when it is better than expected (good news such as that the average likelihood to incur serious health problems is lower than the individual had initially predicted for herself) \[[@pone.0193311.ref009]\]. Such selective updating could explain why optimistic outlooks are maintained over time and shows that optimism-related processing in healthy individuals is distinct from other forms of future expectancies (i.e., pessimism) in terms of robustness.

Although selective updating has been proposed to maintain optimism bias, the cognitive mechanisms underlying optimism bias and its pervasiveness--even in light of existing contradictory information--are still unclear. We know that optimism bias exists but we do not know precisely why it exists and how it is maintained. Here, we suggest that investigation of the interactions between different types of cognitive biases can provide information about these mechanisms. We argue that examining optimistic expectancies in relation to attention deployment could yield a better understanding of optimism bias and its benefits in everyday life as in the clinical domain.

Our postulate that biased expectancies and attention deployment are interdependent is based on two points; the first is observational and the second is theoretical in nature. First, a positivity bias not only exists in regard to future expectancies (as in optimism bias) but also in regard to visual attention: Positive and rewarding stimuli attract people´s visual attention more than neutral (and sometimes negative) stimuli do \[[@pone.0193311.ref010],[@pone.0193311.ref011]\]. This has been shown by more rapid reaction times (RTs) and captured eye movements to rewarding than neutral information in different attention paradigms. Happy faces, for instance, have been proposed to \"pop out\" of crowds in visual search tasks \[[@pone.0193311.ref011]\]. Moreover, positive attention bias, comparable to optimism bias, has been demonstrated to hold important implications for mental health \[[@pone.0193311.ref012]\].

Preferably attending to positive rather than neutral stimuli enables people to efficiently detect events in an environment in which several stimuli compete for access to their limited attention resources. If people´s attention is biased toward positive stimuli in their environment, they are more likely to perceive chances to maximize beneficial output. From an evolutionary point of view, this could contribute to fitness for survival \[[@pone.0193311.ref013],[@pone.0193311.ref014]\]. However, how biased expectancies relate to biased attention (e.g., whether expectancies modulate biased attention or vice versa) has not been investigated. The discovery of interactions between the two biases under investigation would yield a better understanding of optimism bias and positive attention bias.

Second, according to the combined cognitive biases hypothesis, negative cognitive biases (e.g., in attention, interpretation, and self-imagery) usually interact and mutually enforce each other \[[@pone.0193311.ref015]\] (see \[[@pone.0193311.ref012]\] for considerations on the combined cognitive biases hypothesis in depression and \[[@pone.0193311.ref016]\] for the interplay of expectancies and attention in anxiety). This theory mainly focuses on associations between negative biases. Recently, similar interactions between different cognitive biases have been proposed in the positive domain \[[@pone.0193311.ref017]\]. Revealing such causal relations between cognitive biases in the positive domain allows for investigation of why positive cognitive biases exist and how they are maintained over time. These investigations broaden our knowledge about normal functioning and the development of psychological disorders as well as their treatment and uncover divergences and commonalities between cognitive bias interactions in health and psychopathology.

Investigating the relation between optimism bias and positive attention bias is especially interesting because causal influences of optimistic expectancies on attention can elucidate how certain stimuli are processed when people are optimistic (e.g., concerning their processing depth). For instance, optimism-driven attention deployment could directly explain important phenomena shown in optimism bias such as the selective updating described above \[[@pone.0193311.ref009]\]. This selective updating could be caused by optimistic expectancies shifting attention to rewarding (i.e., good news) rather than punishing (i.e., bad news) evidence, thereby determining the processing depth of the respective evidence. This should have retroactive, stabilizing effects on the initial optimism displayed. For example, it is conceivable that people displaying optimism bias might be particularly attentive when being told that their likelihood to incur a serious health problem is lower than they had initially predicted (good news) whereas they are less attentive when being told that their likelihood to incur a serious health problem is higher than they initially predicted (bad news). This will lead to a deeper processing of the good news (e.g., by further thinking about the new information). Consequently, people could selectively integrate good news when updating their expectancies and neglect bad news. Asymmetric attention deployment to good vs. bad news following optimistic expectancies would thus have significant feedback effects on these initial expectancies, thereby stabilizing optimistic tendencies in the long run.

If one assumes that the processing depth of rewarding or punishing stimuli can be influenced by optimistic expectancies, it is especially important to distinguish between various stages of attention deployment (e.g., initial orientation and maintenance of attention) and determine at which stage such differential processing takes place. The use of eye tracking allows for such a distinction \[[@pone.0193311.ref018]\] and could therefore reveal insights into the concrete attentional mechanisms that are crucial for selective updating processes in optimism bias. For instance, one could imagine that, when being optimistic, people initially orient their attention (primarily an automatic process) toward both good and bad news but later maintain attention (primarily a controlled process) selectively on good news (see \[[@pone.0193311.ref019]\] for differences in attention orientation and maintenance on emotional stimuli shown by dysphoric participants). Such a finding would have crucial implications for a more profound understanding of the concrete nature of biased expectancy-attention interplay in healthy individuals and may fundamentally inspire psychotherapy. For instance, it could uncover the specific mechanisms to be targeted in depressive patients, who do not show a beneficial updating asymmetry \[[@pone.0193311.ref003]\].

There is no substantial empirical evidence for a causal link between biased optimistic expectancies and attention. However, examples in the literature show that expectancies can guide visual spatial attention in the positive domain \[[@pone.0193311.ref020]--[@pone.0193311.ref022]\]. Spatial attention could be influenced by expectancy cues when using motivationally relevant (rewarding) target pictures in a covered attention shift paradigm \[[@pone.0193311.ref020]\]. Participants reacted faster to cued food targets when they were motivationally relevant (i.e., when participants were hungry compared with when they were full). The same effect was not present for motivationally irrelevant tool targets. Other findings suggest that attention to happy faces can be modulated in a top-down manner through instructions that presumably impact expectancies \[[@pone.0193311.ref021],[@pone.0193311.ref022]\] (see \[[@pone.0193311.ref023]--[@pone.0193311.ref025]\] for similar effects with neutral stimuli). These findings are in line with predictive coding theory \[[@pone.0193311.ref026],[@pone.0193311.ref027]\], which states that expectancies allow people to create a mental template of expected information that is then compared with sensory input. During this comparison, attention might be biased to information that fits with the created template. However, it is important to note that the respective expectancies in the abovementioned studies \[[@pone.0193311.ref020]--[@pone.0193311.ref022]\] were unrelated to optimism and pessimism (e.g., because participants were explicitly instructed to search for a happy or sad face \[[@pone.0193311.ref021],[@pone.0193311.ref022]\]).

Even though there are no studies directly linking optimism bias and positive attention bias, a few studies examine the link between trait optimism (typically assessed with the Life Orientation Test (LOT-R \[[@pone.0193311.ref028]\]; or similar personality scales) and attention deployment. Whereas trait optimism describes a stable disposition of having an optimistic yet not necessarily unrealistic life orientation, optimism bias describes unrealistic expectancies regarding specific future situations that can be manifold (e.g., concerning health, relationships, and wealth). Although trait optimism and optimism bias are different constructs, trait optimism might increase an individual's readiness to demonstrate optimism bias in specific circumscribed situations \[[@pone.0193311.ref001],[@pone.0193311.ref006]\]. Notably, trait optimism has been related to an attention bias toward positive and away from negative stimuli, shown by altered reaction times in a Stroop paradigm \[[@pone.0193311.ref029],[@pone.0193311.ref030]\] and biased eye movements \[[@pone.0193311.ref031],[@pone.0193311.ref032]\]. Unfortunately, all reviewed results on the link between trait optimism and attention are of correlational nature and thus do not provide information on causal relationships.

To our knowledge, only one study attempted to manipulate participants' optimistic expectancies experimentally and provide information about the direction of influence between optimism and attention. Peters and colleagues (2015) induced state optimism, measured by the Future Expectancies Scale, in half of their participants using the Best Possible Self (BPS) manipulation. During this BPS manipulation, participants imagined a future life in which everything had gone well while the other half of the participants underwent a neutral control manipulation. Next, both groups performed a passive viewing task in which their attention deployment was assessed. Although optimism manipulation did not influence gazing behavior in general, post-hoc analyses showed that, in contrast to non-responders, participants whose state optimism increased after the state optimism or control manipulation gazed significantly shorter at angry faces and nearly significantly longer at joyful faces than participants whose state optimism did not increase \[[@pone.0193311.ref032]\]. These data indicate that state optimism, which most likely instigates optimism bias, might bias attention deployment toward positive and away from negative stimuli. However, additional research is needed to substantiate such a causal association.

It is generally difficult to directly manipulate optimism bias because (a) it is unclear how to reliably provoke such a bias across individuals and situations because it depends on a combination of many different aspects (some of which are impossible to manipulate, e.g., personal experience, individual preferences) \[[@pone.0193311.ref002]\]; (b) a bias is always relative to some other measure (e.g., overly optimistic expectancies in comparison with other people or reality), which makes it difficult to be evoked and measured; and (c) some types of manipulations may rely on simultaneous control of expectancies and attention. Thus, research on optimism bias and other cognitive biases has mostly been of a correlational nature. A first step toward demonstrating that optimism bias and positive attention bias are causally associated may be to demonstrate that optimistic expectancies (which are not necessarily biased) influence attention deployment and/or vice versa \[[@pone.0193311.ref032]\].

In the current studies, therefore, we manipulated optimistic and pessimistic expectancies that are present in optimism bias \[[@pone.0193311.ref033]\] (instead of operationalizing optimism bias per se) and investigated their respective causal influences on attention deployment. If the findings show that variations in experimentally induced expectancies successfully generate changes in visual attention, it may be assumed that biases in expectancies can generate biases in attention. In our studies, expectancies were manipulated by verbal cues presented prior to a visual search task (see \[[@pone.0193311.ref023],[@pone.0193311.ref025]\] for studies using a similar paradigm with neutral and threatening stimuli). During the presentation of expectancy cues, the change in participants' pupil diameter (measure of autonomic arousal \[[@pone.0193311.ref034]\]) was measured to demonstrate that cues elicited an affective response that can be attributed to optimistic and pessimistic expectancies. During the visual search task, two different components of attention were measured. First, attention orientation was measured by (a) RTs in the visual search task and (b) time to first hit on a target revealed by eye tracking data (i.e., the moment when the participant's gaze was registered to be first on the target). These measures of attention orientation were intended to investigate more automatic effects of optimistic expectancies on attention deployment. Second, attention maintenance during the visual search task was measured by how long participants looked at a target half a second after the first hit. Attention maintenance reveals information on how deeply stimuli signaling reward and punishment were processed following optimistic expectancies \[[@pone.0193311.ref035],[@pone.0193311.ref036]\] and can provide information on more controlled attention processes that explain the selective updating shown in optimism bias. We chose to acquire eye tracking in addition to RTs as it represents a more direct measure of attention and can reveal effects that are not visible in RT data \[[@pone.0193311.ref037]\]. Moreover, we measured participants' self-reported comparative optimism bias \[[@pone.0193311.ref002]\] to determine how individual differences in self-reported optimism bias are related to optimism-induced attentional biases revealed by our experiments.

We conducted two experiments using different stimuli (Experiment 1: happy, sad, and neutral faces and Experiment 2: letters of different colors) in the respective visual search tasks. The letter experiment was conducted in addition to the first experiment because the happy and sad faces themselves contain fixed valences. In the second experiment, valence was assigned by verbal instructions to neutral letter stimuli and \"reward\" and \"punishment\" connotations for the different stimuli were balanced across participants to avoid rigid stimulus-valence associations.

The aim of the present studies was to determine if experimentally induced optimistic and pessimistic expectancies regarding future gains and losses causally impact attention deployment to stimuli signaling reward (i.e., gain) and punishment (i.e., loss). For both experiments, we hypothesized that (1) gain and loss cues presented during the expectancy phase of the experiments elicit an affective response that can be attributed to optimism and pessimism (manipulation check). We hypothesized a larger increase in pupil diameter when participants were presented with gain or loss cues than when they were presented with ambiguous cues (control condition that should not contain a specific affective dimension). This hypothesis was drawn from past research that has shown differential pupil diameter change for gain and loss cues compared with neutral cues \[[@pone.0193311.ref038]\].

Furthermore, we hypothesized that (2) induced optimistic expectancies guide attention toward reward compared with punishment whereas pessimistic expectancies guide attention toward punishment compared with reward (differences between attention orientation and maintenance were examined exploratively as we did not have specific hypotheses). We anticipated that (2a) gain cues enhance attention to gain targets in comparison with loss cues, (2b) loss cues enhance attention to loss targets in comparison with gain cues (cue congruency hypothesis), (2c) gain cues enhance attention to gain in comparison with loss targets, and (2d) loss cues enhance attention to loss in comparison with gain targets (target congruency hypothesis).

Moreover, we hypothesized that (3) optimistic expectancies guide attention more toward reward compared with punishment than pessimistic expectancies guide attention toward punishment compared with reward because optimistic expectancies have been shown to be more robust (i.e., more resistant against disconfirming feedback) than pessimistic expectancies \[[@pone.0193311.ref009]\] (optimism robustness hypothesis). Therefore, even though we hypothesized an influence of pessimistic expectancies on attention toward punishment compared with reward, we anticipated this influence to be much weaker than the influence of optimistic expectancies on attention to reward compared with punishment.

Last, we hypothesized that (4) this optimism robustness in attention (i.e., stronger guidance of attention to reward compared with punishment through optimistic expectancies than to punishment compared with reward through pessimistic expectancies) is positively related to participants' self-reported comparative optimism bias (comparative optimism bias hypothesis) \[[@pone.0193311.ref002]\].

Experiment 1: Methods and materials {#sec002}
===================================

Participants {#sec003}
------------

Thirty-two healthy psychology students recruited via the participant pool at the University of Bern took part in this RT and eye tracking study. Wearing hard contact lenses or reporting the use of psychoactive substances served as exclusion criteria. Participants had normal or corrected-to-normal vision and were reimbursed with course credit and 5 Swiss francs for participation. One participant was excluded because of a technical error in data logging, leaving a final sample of 31 students (4 male, age: *M* = 21.19 years; *SD* = 1.60 years; range = 19 -- 26 years). All participants gave written informed consent according to the ethical standards guidelines of the Declaration of Helsinki and were told that they could end the experiment at any time. All procedures were approved by the local ethical review board of the Faculty of Human Sciences at the University of Bern, Switzerland.

Stimuli {#sec004}
-------

Visual search task (attention): Forty-eight face stimuli taken from the NimStim Face Stimulus Set \[[@pone.0193311.ref039]\] served as stimuli. Sixteen different faces (half male and female) each displayed happy, sad, and neutral facial expressions. In every trial, eight faces were shown on a white background on a circle around the position where the fixation cross had been presented before ([Fig 1](#pone.0193311.g001){ref-type="fig"}, top). The participants' task was to find the deviant (happy or sad) target face among seven neutral distractor faces. Happy and sad faces appeared equally probable in any of the eight different locations on the circle and signaled gain (i.e., reward) and loss (i.e., punishment) of money, respectively. The stimuli were matched for luminance and contrast and displayed in color.

![Task sequence.\
An example of a gain-90% cue (Gewinn \[German word for gain\] 90%) followed by a search array depicting a gain target (happy face \[Experiment 1, top\] or red T \[Experiment 2, bottom\]). Participants were told that the cues described the likelihood of seeing a gain or loss target in the search array. They were also told that they would gain (lose) 25 Swiss cents in addition to a starting amount of 5 Swiss francs when seeing a gain (loss) target. Participants were asked to respond as quickly and accurately as possible according to the target (i.e., gain or loss target). Due to the copyright regulations of the NimStim face stimuli \[[@pone.0193311.ref039]\], faces that were not used in Experiment 1 were displayed for illustration (top) and two faces are shown twice although the same face was never repeated in any trial of Experiment 1.](pone.0193311.g001){#pone.0193311.g001}

Cues (expectancy): Three different verbal cues were presented: "gain 90%", "loss 90%", or "gain loss 50%" ("loss gain 50%" for half of the participants). These cues indicated the probability that the to-be detected target in a subsequently presented search array is a happy or sad face. The gain 90% (loss 90%) cue condition referred to a probability of 67% (64 trials) that there would be a happy face (sad face) among seven neutral faces in the subsequent search array. In the remaining cases, a sad face (happy face) was presented (32 trials). In the 50% cue condition, happy and sad faces were equally likely to be the target in the search array (64 trials, 32 happy face targets and 32 sad face targets). This 50% cue was included as a control condition inducing ambiguous expectancies with maximum uncertainty. E-Prime 2.0 Professional (Psychology Software Tools, Pittsburgh, PA) was used to present stimuli and record the participants' responses.

Experimental procedure {#sec005}
----------------------

After providing written informed consent, participants read the instructions in which the experiment was described as a gamble task with the opportunity to gain or lose money. They were told that they would gain 25 Swiss cents in addition to a starting amount of 5 Swiss francs upon seeing a happy face in the visual search array and lose 25 Swiss cents upon seeing a sad face. Participants were told that the cues in the beginning of each trial described an average probability of a happy or sad face being presented subsequently but the computer randomly picked a target out of a pool of 100 targets (for 90% gain \[loss\] cues, this pool consisted of 90 happy \[sad\] and 10 sad \[happy\] faces). Therefore, the real probabilities could differ from the average value displayed as the expectancy cue. Before starting the experiment, participants performed six practice trials to become familiar with the task.

[Fig 1](#pone.0193311.g001){ref-type="fig"} (top) shows the timing and sequence of one example trial. In each trial, participants were presented a fixation cross for 2000--3000 ms followed by a cue word that was presented for 1500 ms. The cue indicated how probable it was that the to-be detected target in the subsequently presented search array would be a happy or a sad face (see the preceding section for details regarding the expectancy cues). After the cue was presented, another fixation cross appeared for 2000--3000 ms. The search array consisting of eight pictures (seven neutral faces and either a happy \[gain\] or sad \[loss\] face) was then shown for 2500 ms. During the visual search task, participants had to indicate whether the target was presented on the left or right side of the screen by pressing 1 or 2 on the number pad of the computer keyboard. The participants were instructed to react as quickly and correctly as possible. After the detection period had elapsed, another fixation cross was presented for 0--2000 ms before the next trial.

Two hundred forty-four experimental trials were presented in random order in four blocks of 61 trials with short pauses in between. The frequencies of trials of different types (cues, targets) were comparable between blocks. In total, participants both gained and lost 32 Swiss Francs, leaving them with the starting amount of 5 Swiss Francs. Participants were not informed about the progression of their gains and losses during the experiment.

After the experiment, participants completed a post-experimental questionnaire consisting of specific questions about how they perceived and conducted the task (e.g., whether they had employed a specific strategy during the search task \[and if so, which strategy\], see [S1 Analysis](#pone.0193311.s001){ref-type="supplementary-material"} for further details). Participants also completed different personality questionnaires (LOT-R \[[@pone.0193311.ref028]\], Comparative Optimism Scale \[COS; 2\], Future Expectancy Scale \[[@pone.0193311.ref040]\], Satisfaction With Life Scale \[[@pone.0193311.ref041]\], Positive And Negative Affect Schedule \[[@pone.0193311.ref042]\], Emotion Regulation Questionnaire \[[@pone.0193311.ref043]\], Behavioral Inhibition System/Behavioral Activation System Scales \[[@pone.0193311.ref044]\], 10-Item Big Five Inventory \[[@pone.0193311.ref045]\]), were debriefed, and received their "gain" of 5 Swiss francs.

Eye tracking {#sec006}
------------

Eye tracking data were acquired with a Tobii Pro X2-60 remote eye tracker (Tobii AB, Stockholm, Sweden). The system used the corneal reflection light source (corneal reflex method) to measure the eye's orientation. Eye movements were recorded binocularly with a 60 Hz sampling rate and an accuracy of .4°. The system was controlled by Tobii Studio (version 3.1.6) to register ocular movements.

Manipulation check {#sec007}
------------------

As a manipulation check, affective arousal during the presentation of expectancy cues was measured by the change in participants' pupil diameter. For pupil diameter analysis, five 0.5-s intervals from 0 to 2.5 s after cue onset were considered. Pupil diameter during the 0.5 s before the appearance of the cue (presentation of fixation cross) served as baseline. Pupil diameter baseline scores were subtracted from the scores during cue presentation to obtain difference scores describing changes from the presentation of the different cues. On average, 19% of pupil diameter data per time interval were excluded from the analysis because missing eye gaze data made up \> 50% of the samples. Moreover, outliers (deviating more than 3 *SD*s from the average diameter of a given participant during a particular time interval) were eliminated (on average, 0.8% of the remaining pupil diameter data per time interval).

Dependent variables {#sec008}
-------------------

One dependent variable that measured attention orientation during the visual search task consisted of participants' RTs for correct responses (in ms); errors comprised \~ 5.5% of responses. The dependent eye tracking variables during the visual search task consisted of two components: attention orientation was measured by the time to first hit on the target (in ms; note that it was possible to detect the target in the visual search task without performing a saccade, which is why we cannot rule out effects of covert attention that might have interfered with this measure of attention orientation; however, this should only have weakened the effects of interest in our study) and attention maintenance was measured by the percentage of gazing at the target half a second after the first hit (in% of overall looking at the screen). Hits were defined as gaze points on the area of interest, which consisted of the target picture and 10% of the picture size added to each side. The employed measures and time intervals are commonly used in eye tracking research \[[@pone.0193311.ref046],[@pone.0193311.ref047]\]. Trials in which participants did not gaze at the target at all were excluded from eye tracking analyses (an additional \~ 4.6% of all trials). Peripheral attention to target stimuli possibly led to these trials in which participants responded correctly even though they did not hit the target. For the percentage of gaze analysis, \~ 7.4% of all trials were additionally excluded because participants did not hit the target within the first 2000 ms of the presentation of the visual search task (and therefore the time spanning half a second after first hit would have exceeded the presentation of stimuli). In addition, \~ 2.2% of all trials were excluded due to missing eye gaze data of greater than 40% of the sample (mostly due to eye blinks).

Data analysis {#sec009}
-------------

We hypothesized that (1) gain and loss cues elicit a stronger affective response, demonstrated by a larger increase in pupil diameter, than do ambiguous cues that serve as a control cue and should not contain a specific affective dimension (manipulation check). To test this hypothesis, we conducted a 3 × 5 analysis of variance (ANOVA) with the within-subject factors expectancy (gain cue \[gain 90%\], loss cue \[loss 90%\], ambiguous cue \[gain loss 50%/loss gain 50%\]) and time (0--0.5 s, 0.5--1 s, 1--1.5 s, 1.5--2 s, 2--2.5 s) on the pupil diameter change data. Our hypothesis should be reflected in a significant main effect of expectancy cue, as well as in a significant expectancy cue × time interaction. Significant main effects of expectancy cue and significant interactions of expectancy cue and time were further investigated by post-hoc pairwise comparisons.

Moreover, we hypothesized that (2a) gain cues, rather than loss cues, enhance attention to gain targets and (2b) loss cues, rather than gain cues, enhance attention to loss targets (cue congruency hypothesis). In addition, we predicted that (2c) gain cues enhance attention to gain targets rather than loss targets and (2d) loss cues enhance attention to loss targets rather than gain targets (target congruency hypothesis). To test these hypotheses, we conducted a 3 × 2 ANOVA with the within-subject factors expectancy (gain cue \[gain 90%\], loss cue \[loss 90%\], ambiguous cue \[gain loss 50%/loss gain 50%\]), and target (gain, loss) on RTs, the time to first hit on the target (attention orientation), and percentage of gazing at the target half a second after the first hit (attention maintenance). We also performed analyses on logarithmic RTs and excluded outliers (± 3 *SD*s from individual average RT). However, the effects observed in the current study were not affected by these data transformations. Therefore, only the results for the original RT data are described. Ambiguous cues that served as a control condition with maximum uncertainty in our experiment were included as an anchor in the analyses. If true, our hypotheses should be reflected in a significant interaction of the expectancy cue and target. Significant interaction effects were further investigated by post-hoc (Sidak corrected) pairwise comparisons. An α-level of .05 (two-tailed) was applied to all analyses (unless otherwise specified). Reported effect sizes are partial η^2^ and noted as η^2^~p~. If the sphericity assumption was violated, Greenhouse-Geisser corrected values are reported.

Furthermore, we hypothesized that (3) optimistic expectancies guide attention more toward gain targets compared with loss targets than pessimistic expectancies guide attention toward loss targets compared with gain targets (optimism robustness hypothesis). Therefore, two difference scores between four of our experimental conditions were computed: $$\begin{array}{l}
{Diff_{GainCue} = \left\lbrack {Gain\ cue,\, loss\ target} \right\rbrack –\left\lbrack {Gain\ cue,\, gain\ target} \right\rbrack} \\
{Diff_{LossCue} = \left\lbrack {Loss\ cue,\, gain\ target} \right\rbrack –\left\lbrack {Loss\ cue,\, loss\ target} \right\rbrack} \\
\end{array}$$

We anticipated larger difference scores for optimistic expectancies than for pessimistic expectancies (Diff~GainCue~ \> Diff~LossCue~) for the RTs and the time to first hit (attention orientation). We anticipated smaller difference scores for optimistic expectancies than for pessimistic expectancies (Diff~GainCue~ \< Diff~LossCue~) for the percentage of looking at the target half a second after the first hit (attention maintenance). The last measure was expected to show negative difference scores because it was inverted to the RTs and time to first hit (i.e., enhanced attention results in shorter RTs and time to first hit but a larger percentage of looking at the target half a second after the first hit). To test the optimism robustness hypothesis, Diff~GainCue~ and Diff~LossCue~ were compared using pairwise *t*-tests with an α-level of .05 (one-tailed). The reported effect sizes are Cohen's *d* and are denoted by *d*.

Last, we hypothesized that (4) optimism robustness scores in our experiment are positively associated with participants' self-reported comparative optimism bias (cf. comparative optimism bias hypothesis). Comparative optimism bias was operationalized as overly optimistic expectancies about future life events for oneself compared with a person of the same age and gender measured by the COS \[[@pone.0193311.ref002]\]. Optimism robustness scores were computed with the following formula for the three attention measures (RTs, time to first hit, percentage of looking at target half a second after first hit): $$Optimism\ Robustness\ Score = Diff_{GainCue} - Diff_{LossCue}$$

Because a large sample is needed to investigate inter-individual differences, we merged participants in the two studies (N = 63). A Pearson product-moment correlation was run to determine the relationship between participants' mean score on the COS \[[@pone.0193311.ref002]\] and the optimism robustness score for each of the three measures of attention as revealed by our experiments. The α-level was set to .05 (one-tailed).

Experiment 1: Results {#sec010}
=====================

The results of our experiments are reported in two sections--one devoted to analyses of the expectancy phase of our experiment (manipulation check: pupil diameter change) and another to analyses of the visual search phase (RTs, time to first hit the target and percentage of gazing at the target half a second after first hit revealed by eye tracking, and relation to comparative optimism bias). The mean values, standard errors and 95% confidence intervals for all experimental conditions from the described analyses are shown in [S1](#pone.0193311.s004){ref-type="supplementary-material"} and [S2](#pone.0193311.s005){ref-type="supplementary-material"} Tables. The difference scores related to the optimism robustness hypothesis are given in [S3 Table](#pone.0193311.s006){ref-type="supplementary-material"}. *F*-values and effect sizes are only reported for significant results of the ANOVAs. Statistical values for all effects (including non-significant results) can be found in [S4](#pone.0193311.s007){ref-type="supplementary-material"} and [S5](#pone.0193311.s008){ref-type="supplementary-material"} Tables. *P*-values for all post-hoc pairwise comparisons can be found in [S6](#pone.0193311.s009){ref-type="supplementary-material"} and [S7](#pone.0193311.s010){ref-type="supplementary-material"} Tables.

Expectancy phase {#sec011}
----------------

### Pupil diameter change {#sec012}

Pupil diameter change during the presentation of expectancy cues is shown in [Fig 2A](#pone.0193311.g002){ref-type="fig"}. As predicted, the main effect of expectancy cue was significant, *F*~(1.44)~ = 11.854, *p* \< .001, η^2^~p~ = .283. Gain and loss cues elicited a smaller decrease in pupil diameter than did ambiguous cues (gain vs. ambiguous cues: *p* = .001, loss vs. ambiguous cues: *p* = .007, as revealed by post-hoc pairwise comparisons). In addition, there was a significant main effect of time, *F*~(2.50)~ = 4.098, *p* = .029, η^2^~p~ = .120. Moreover, the predicted interaction expectancy × time was significant, *F*~(5.148)~ = 9.052, *p* \< .001, η^2^~p~ = .232. Post-hoc pairwise comparisons showed that the differential effect of expectancy condition on pupil diameter change started between 0.5 and 1 s following the onset of the expectancy cues and remained stable until the end of the analysis interval. The pupil diameter increase was larger and the decrease was smaller for gain and loss cues than for ambiguous cues (0.5--1 s, 1--1.5 s, 1.5--2 s, 2--2.5 s: gain vs. ambiguous cues: *p*s = .005, \< .001, = .002, = .004, respectively; loss vs. ambiguous cues: *p*s = .001, .001, .057, .072, respectively, as revealed by post-hoc pairwise comparisons).

![Pupil diameter change during the expectancy phase as a function of time and expectancy cue.\
Gain cue, loss cue, and ambiguous cue refer to the gain 90%, loss 90%, and gain loss \[loss gain\] 50% cues, respectively. The error bars depict standard errors.](pone.0193311.g002){#pone.0193311.g002}

Visual search phase {#sec013}
-------------------

### Reaction times {#sec014}

The RTs are shown in [Fig 3A](#pone.0193311.g003){ref-type="fig"}. The RTs did not differ between gain and loss targets or between the three expectancy conditions, *p*s \> .08. Notably, the predicted expectancy × target interaction was significant, *F*~(2.60)~ = 8.324, *p* = .001, η^2^~p~ = .217. As anticipated by our cue congruency hypothesis, participants reacted faster to loss targets when they expected to lose than when they expected to gain or had ambiguous expectancies (i.e., when neither optimistic nor pessimistic expectancies dominated; loss vs. gain cues: *p* = .001, loss vs. ambiguous cues: *p* = .041, as revealed by post-hoc pairwise comparisons). In line with our target congruency hypothesis, participants reacted faster to gain targets than to loss targets when they expected to gain (*p* = .001). Participants' RTs did not differ significantly between any of the remaining conditions (all *p*s \> .093). The optimism robustness hypothesis had to be rejected: Expecting to gain did not shorten RTs to gain targets compared with loss targets more than expecting to lose shortened RTs to loss targets compared with gain targets, even though there was a trend in the anticipated direction, *t*(30) = 1.602, *p* = .060, *d* = .381.

![Reaction times.\
The error bars depict standard errors. The line labeled "all other conditions" indicates that all pairwise comparisons of the conditions encompassed by the line revealed highly significant differences (if not otherwise indicated).](pone.0193311.g003){#pone.0193311.g003}

### Eye tracking: Time to first hit the target {#sec015}

The time to first hit the target for the experimental conditions is shown in [Fig 4A](#pone.0193311.g004){ref-type="fig"}. The time to the first hit did not differ between gain and loss targets or between the three expectancy conditions, *p*s \> .180. Contrary to our cue and target congruency hypotheses, the expectancy × target interaction was not significant, *p* = .849. Moreover, the optimism robustness hypothesis had to be rejected: Expecting to gain did not reduce the time to first hit gain targets compared with loss targets more than expecting to lose reduced the time to first hit loss targets compared with gain targets (*p* = .327).

![Time to first hit.\
The error bars depict standard errors. The line labeled "all other conditions" indicates that all pairwise comparisons of the conditions encompassed by the line revealed highly significant differences (if not otherwise indicated).](pone.0193311.g004){#pone.0193311.g004}

### Eye tracking: Percentage of gazing at the target half a second after the first hit {#sec016}

[Fig 5A](#pone.0193311.g005){ref-type="fig"} depicts the amount of time (in%) participants spent gazing at the target half a second after the first hit. Where participants gazed in this time span did not differ between gain and loss targets or between the three expectancy conditions, *p*s \> .155. However, the predicted expectancy × target interaction was significant, *F*~(2.50)~ = 7.482, *p* = .002, η^2^~p~ = .200. In line with our cue congruency hypothesis, participants gazed more at gain targets within half a second after the first hit when they expected to gain than when they expected to lose (*p* = .009, as revealed by post-hoc pairwise comparisons). In line with our target congruency hypothesis, when participants expected to gain, they subsequently gazed longer at gain targets than at loss targets during the half second after the first hit (*p* = .001). The amount of time participants gazed at the target in the half second after the first hit did not differ among the remaining conditions (all *p*s \> .066).

![Percentage of gazing at the target half a second after the first hit.\
The error bars depict standard errors.](pone.0193311.g005){#pone.0193311.g005}

The optimism robustness hypothesis had to be rejected. However, expecting to gain showed a trend to increase the percentage of gazing at gain targets compared with loss targets more than expecting to lose increased the percentage of gazing at loss targets compared with gain targets half a second after the first hit, *t*(30) = 1.507, *p* = .071, *d* = .173.

### Relation with comparative optimism bias {#sec017}

Scatterplots of the correlations between optimism robustness scores and mean scores of the COS \[[@pone.0193311.ref002]\] for participants of both experiments are shown in [Fig 6](#pone.0193311.g006){ref-type="fig"}. As predicted in our comparative optimism bias hypothesis, there were significant weak, positive correlations between the mean score of the COS \[[@pone.0193311.ref002]\] and the optimism robustness score for all three measures of attention: RTs (*r*~*p*~ = .274, *p* = .015), time to first hit (*r*~*p*~ = .274, *p* = .015), and percentage of gazing at the target half a second after the first hit (*r*~*p*~ = .245, *p* = .027).

![Correlation between participants' mean COS score \[[@pone.0193311.ref002]\] and their optimism robustness scores revealed by the two experiments.\
Data of participants in Experiments 1 and 2 have been merged for this analysis in order to have a large enough sample size to investigate inter-individual differences. A score of zero represents no bias, a positive score represents a positivity bias, and a negative score represents a negativity bias in both measures.](pone.0193311.g006){#pone.0193311.g006}

Experiment 1: Discussion {#sec018}
========================

As a manipulation check, we anticipated a larger increase in pupil diameter when participants were presented with gain or loss cues compared with ambiguous cues (control condition) because gain and loss cues were meant to elicit an affective response (i.e., optimistic and pessimistic expectancies). In line with our hypothesis, participants showed a significantly larger increase in pupil diameter for gain cues than for ambiguous cues during two of the analyzed time intervals (1--1.5 s and 1.5--2 s) in Experiment 1. In general, pupil diameter decreased in response to cue presentation and this decrease was significantly larger for ambiguous than for gain and loss cues. Therefore, the pupils were relatively more dilated during the presentation of gain and loss cues than during the presentation of ambiguous cues, indicating a stronger affective response elicited by gain and loss cues.

Moreover, in accordance with our predictions, optimistic expectancies modulated attention, as apparent in the RT and eye gaze data. Participants reacted faster to loss targets when they were pessimistic rather than optimistic and optimistic expectancies shortened RTs to gain targets compared with loss targets (attention orientation). No significant differences in RTs were detected between gain and loss targets when pessimistic or ambiguous expectancies were induced. Moreover, RTs to gain targets did not differ when optimistic expectancies were induced in comparison with pessimistic expectancies.

However, similar results were not seen for the time to first hit (attention orientation) in our eye tracking data. One possible explanation for this is that because of the numerous visual inputs participants received, they tried to obtain an overview in the beginning by gazing at all faces but then reacted faster to gain targets following gain cues even if they had only paid peripheral attention to those targets. However, more focused attention may subsequently have been diverted to gain targets following gain cues during later stages of attention. Consistent with such a view, the results for the percentage of gazing at the target half a second after the first hit (attention maintenance) were very similar to the effects seen in RTs. Participants looked more at gain targets when they had optimistic expectancies compared with pessimistic expectancies and optimistic expectancies made participants look more at gain targets compared with loss targets within a half second after the first hit at a target. Similar to the RTs, the percentage of looking at gain and loss targets half a second after the first hit did not differ when pessimistic or ambiguous expectancies were induced. Moreover, the percentage of looking at loss targets did not differ when optimistic expectancies were induced in comparison with pessimistic expectancies. In conclusion our cue and target congruency hypotheses could only be confirmed for optimistic expectancies, not for pessimistic expectancies.

Notably, although in our first hypothesis we had predicted that pessimistic expectancies guide attention toward punishment compared with reward, this result is congruent with our second hypothesis that optimistic expectancies have a stronger influence on subsequent attention to reward and punishment than pessimistic expectancies do. In line with our optimism robustness hypothesis, we found a small effect that optimistic expectancies shortened participants' RTs to gain targets compared with loss targets more than pessimistic expectancies shortened participants' RTs to loss targets compared with gain targets (attention orientation). A similar effect was seen in our eye tracking measure for attention maintenance. Optimistic expectancies made participants look more at gain targets compared with loss targets than pessimistic expectancies made participants look more at loss targets compared with gain targets half a second after the first hit. However, the trend for both effects was non-significant. Therefore, whether optimistic expectancies had a stronger effect on attention deployment to congruent confirming compared with disconfirming information than pessimistic expectancies was not clearly shown in our data and requires further investigation. In summary, our cue and target congruency hypotheses were only partly confirmed for attention orientation (RTs) and maintenance (percentage of gazing at target half a second after first hit) and the optimism robustness hypothesis was rejected for both attention measures.

As hypothesized, participants' optimism robustness score for all three measures of attention revealed by our experiments is significantly positively correlated with the mean score of the COS \[[@pone.0193311.ref002]\]. This supports the idea that processes present in optimism bias also play a role in the robustness of optimistic expectancies and their influences on attention in our experiments.

Even though the results of Experiment 1 are promising, one problem with the stimuli used in this experiment is that happy and sad faces could not be assigned to be gain or loss targets differentially across participants. Happy faces always have a positive valence and sad faces always have a negative valence and it would not have been meaningful to tell participants they lose money when seeing a happy face. These salient stimulus-specific attributes could have differentially influenced attention deployment. For instance, in everyday life, we have repeatedly learned that a happy face indicates important emotional information (e.g., a smiling doctor telling us we are completely healthy or a happy supervisor complementing us on our work), making happy faces particularly salient stimuli that might be processed preferably regardless of the context in which they are presented. Therefore, independently of assigning happy and sad faces as gain and loss targets in our experiment, the face stimuli might have captured participants' attention differently, making them less prone to variations in expectancies. Thus, we conducted a second experiment to replicate our effects using non-social and inherently non-emotional stimuli.

Experiment 2: Methods and materials {#sec019}
===================================

Experiment 2 was a replication of Experiment 1 with different stimuli. As both experiments were highly similar, we describe only the details that differ from Experiment 1. If not otherwise indicated, the procedures were identical to Experiment 1.

Participants {#sec020}
------------

Thirty-two healthy psychology students (7 male, age: *M* = 22.19 years; *SD* = 3.00 years; range = 19--36 years) who had not participated in Experiment 1 were recruited via the participant pool at the University of Bern and took part in this RT and eye tracking study.

Stimuli {#sec021}
-------

Visual search task (attention): The stimuli consisted of a green and a red "L" and a green and a red "T". The green "L" and the red "T" served as target stimuli and the red "L"s and green "T"s served as distractor stimuli. In each trial, eight red and green "L"s and "T"s were shown on a white background on a circle around the position where the fixation cross was presented. There was an equal probability for the single green "L" or the single red "T" to appear in any of the eight different locations on the circle. The participants' task was to find the deviant target letter (green "L" or red "T") among seven neutral distractor letters (red "L"s and green "T"s). In contrast to Experiment 1, in which the stimuli in the visual search array had to be compared using a rather complex attribute comprising many different features (emotional facial expression), the stimuli in Experiment 2 only had to be compared using two clearly separable features (color and shape). However, because the emotional face stimuli used in Experiment 1 are highly familiar and overlearned in everyday life, they may generally produce a stronger pop-out effect among neutral distractor faces than the letter stimuli used in Experiment 2.

Experimental procedure {#sec022}
----------------------

The procedure was identical to that of Experiment 1 ([Fig 1](#pone.0193311.g001){ref-type="fig"}, bottom). The only difference was that letters were presented as stimuli in the visual search task instead of faces. For half of the participants, the green "L" represented gain (loss) and the red "T" represented gain (loss) for the other half.

Manipulation check {#sec023}
------------------

Three participants were excluded from pupil diameter change analysis because on average, more than 50% of their trials per time interval had to be excluded because of too much missing eye gaze data. On average, we excluded 21.7% of pupil diameter data per time interval from the analysis because missing eye gaze data made up \> 50% of the samples. In addition, outliers (deviating more than 3 *SD*s from the average diameter of a given participant during a particular time interval) were eliminated (on average 0.9% of the remaining pupil diameter data per time interval).

Dependent variables {#sec024}
-------------------

Errors comprised \~ 7.7% of responses and were excluded from the RT analysis. For the eye tracking analyses, \~ 13.2% of trials were additionally excluded because participants did not hit the target. For the percentage of gaze analysis \~ 4.5% of trials were additionally excluded because participants did not hit the target within the first 2000 ms of the presentation of the visual search task. Additionally, \~ 4.3% of trials were excluded because missing eye gaze data comprised \> 40% of the samples.

Experiment 2: Results {#sec025}
=====================

Expectancy phase {#sec026}
----------------

### Pupil diameter change {#sec027}

Pupil diameter change during the presentation of expectancy cues is shown in [Fig 2B](#pone.0193311.g002){ref-type="fig"}. As predicted, the main effect of expectancy cue was significant, *F*~(2.56)~ = 12.438, *p* \< .001, η^2^~p~ = .308. As anticipated, gain and loss cues elicited a larger pupil diameter increase than did ambiguous cues (gain vs. ambiguous cues: *p* \< .001, loss vs. ambiguous cues: *p* = .001, as revealed by post-hoc pairwise comparisons). In addition, there was a significant main effect of time, *F*~(2.43)~ = 4.284, *p* = .029, η^2^~p~ = .133.

Moreover, the predicted interaction expectancy × time was significant, *F*~(4.120)~ = 4.988, *p* = .001, η^2^~p~ = .151. Post-hoc pairwise comparisons showed that the differential effect of expectancy condition on pupil diameter change started between 1 and 1.5 s (0.5--1 s for loss vs. ambiguous cues) following the onset of the expectancy cues and remained stable until the end of the analysis interval. As anticipated, pupil diameter increase was larger for gain and loss cues than for ambiguous cues (0.5--1 s, 1--1.5 s, 1.5--2 s, 2--2.5 s: gain vs. ambiguous cues: *p*s = .080, \< .001, = .009, \< .001, respectively; loss vs. ambiguous cues: *p*s = .005, = .005, = .005, \< .001, respectively).

Visual search phase {#sec028}
-------------------

### Reaction times {#sec029}

The RTs are shown in [Fig 3B](#pone.0193311.g003){ref-type="fig"}. Participants reacted faster to gain targets than to loss targets, showing a main effect of target, *F*~(1.31)~ = 12.582, *p* = .001, η^2^~p~ = .289. Moreover, participants reacted faster when they expected to gain or lose than when they had ambiguous expectancies, showing a main effect of expectancy, *F*~(2.46)~ = 28.227, *p* \< .001, η^2^~p~ = .477. In addition, the predicted expectancy × target interaction was significant, *F*~(1.43)~ = 79.723, *p* \< .001, η^2^~p~ = .720.

In accordance with our cue congruency hypothesis, participants reacted faster to gain targets when they expected to gain than when they expected to lose or had ambiguous expectancies (gain vs. loss cues: *p* \< .001, gain vs. ambiguous cues: *p* \< .001, as revealed by post-hoc pairwise comparisons). Moreover, participants reacted faster to gain targets when they had ambiguous expectancies than when they expected to lose (*p* \< .001). Participants reacted faster to loss targets when they expected to lose than when they expected to gain or had ambiguous expectancies (loss vs. gain cues: *p* \< .001, loss vs. ambiguous cues: *p* \< .001). In addition, participants reacted faster to loss targets when they had ambiguous expectancies than when they expected to gain (*p* = .015).

As predicted by our target congruency hypothesis, when participants expected to gain, they reacted faster to gain targets rather than loss targets (*p* \< .001); when they expected to lose they reacted faster to loss targets rather than gain targets (*p* \< .001); and when they had ambiguous expectancies, they reacted faster to gain targets rather than loss targets (*p* = .002). The last effect is consistent with the idea of an attention bias for positive stimuli. Moreover, in line with our optimism robustness hypothesis, expecting to gain shortened RTs to gain targets compared with loss targets more than expecting to lose shortened RTs to loss targets compared with gain targets, *t*(31) = 3.019, *p* = .003, *d* = .501.

### Eye tracking: Time to first hit the target {#sec030}

The time to first hit the target results mostly mirror the RT results and are shown in [Fig 4B](#pone.0193311.g004){ref-type="fig"}. Participants took less time to first hit gain targets compared with loss targets, showing a main effect of target, *F*~(1.31)~ = 7.247, *p* = .011, η^2^~p~ = .189. Moreover, they took less time to hit the target when they expected to lose than when they had ambiguous expectancies, showing a main effect of expectancy, *F*~(2.62)~ = 4.918, *p* = .010, η^2^~p~ = .137. Notably, the predicted expectancy × target interaction was significant, *F*~(2.49)~ = 72.432, *p* \< .001, η^2^~p~ = .700.

In line with our cue congruency hypothesis, participants first hit gain targets faster when they expected to gain than when they expected to lose or had ambiguous expectancies (gain vs. loss cues: *p* \< .001, gain vs. ambiguous cues: *p* \< .001, as revealed by post-hoc pairwise comparisons). Moreover, participants hit gain targets faster when they had ambiguous expectancies than when they expected to lose (*p* \< .001). Furthermore, as anticipated, participants hit loss targets faster when they expected to lose than when they expected to gain or had ambiguous expectancies (loss vs. gain cues: *p* \< .001, loss vs. ambiguous cues: *p* \< .001). In addition, participants hit loss targets faster when they had ambiguous expectancies than when they expected to gain (*p* = .003).

As predicted by our target congruency hypothesis, when participants expected to gain, they hit faster at gain targets rather than loss targets (*p* \< .001) and when they expected to lose they hit faster at loss targets rather than gain targets (*p* \< .001). When participants had ambiguous expectancies, they hit faster at gain targets rather than loss targets (*p* = .019), in agreement with the idea of an attention bias for positive stimuli. Finally, as stated in our optimism robustness hypothesis, expecting to gain reduced the time to hit at gain targets compared with loss targets more than expecting to lose reduced the time to hit at loss targets compared with gain targets, *t*(31) = 2.091, *p* = .023, *d* = .424.

### Eye tracking: Percentage of gazing at the target half a second after the first hit {#sec031}

The amount of time (in%) participants spent gazing at the target half a second after the first hit is shown in [Fig 5B](#pone.0193311.g005){ref-type="fig"}. Participants gazed more at gain targets than loss targets in this time span, showing a main effect of target, *F*~(1.31)~ = 7.464, *p* = .010, η^2^~p~ = .194, but the amount of time participants spent gazing at the target did not differ among the three expectancy conditions (*p* = 224). Notably, the predicted expectancy × target interaction was significant, *F*~(2.50)~ = 31.007, *p* \< .001, η^2^~p~ = .500.

As hypothesized by our cue congruency hypothesis, participants gazed more at gain targets within a half second after the first hit when they expected to gain than when they expected to lose or had ambiguous expectancies (gain vs. loss cues: *p* \< .001, gain vs. ambiguous cues: *p* = .001, as revealed by post-hoc pairwise comparisons). Moreover, participants gazed more at loss targets within a half second after the first hit when they expected to lose than when they expected to gain or had ambiguous expectancies (loss vs. gain cues: *p* \< .001, loss vs. ambiguous cues: *p* \< .001). In line with our target congruency hypothesis, when participants expected to gain, they gazed more at gain targets than at loss targets within a half second after the first hit (*p* \< .001). When participants expected to lose, they gazed more at loss targets than at gain targets within a half second after the first hit (*p* = .001). The amount of time participants spent gazing at the target a half second after the first hit did not differ among the remaining conditions (all *p*s \> .063).

Finally, consistent with our optimism robustness hypothesis, expecting to gain increased percentage of gazing at gain targets compared with loss targets half a second after the first hit more than expecting to lose increased percentage of gazing at loss targets compared with gain targets half a second after the first hit, *t*(31) = 2.713, *p* = .006, *d* = .595.

Experiment 2: Discussion {#sec032}
========================

As hypothesized, a larger pupil diameter increase was evoked by gain and loss cues than by ambiguous cues in Experiment 2. This indicates that gain and loss cues elicited an affective response in our participants that can be attributed to the induction of optimistic and pessimistic expectancies, whereas ambiguous cues did not (manipulation check). Thus, differential effects of attention in our experiment can be attributed to the induction of optimistic and pessimistic expectancies.

In accordance with our predictions, the expectancies in Experiment 2 modulated attention deployment, as apparent in the RT and eye gaze data. Participants reacted faster to gain and loss targets when congruent expectancies were induced compared with incongruent expectancies. Furthermore, optimistic and pessimistic expectancies shortened RTs to congruent targets compared with incongruent targets (attention orientation). In the eye gaze data, the same effects were observed for the time to first hit the target (attention orientation) and the percentage of looking at the target half a second after the first hit (attention maintenance).

In line with the idea of a general attention bias to positive stimuli, participants payed more attention to gain compared with loss targets when ambiguous expectancies were induced. This attention bias could be explained by a natural Pavlovian tendency to approach reward stimuli. Research has shown that approaching (i.e., initiating a response to) punishment is more difficult than approaching reward \[[@pone.0193311.ref048],[@pone.0193311.ref049]\]. Therefore, a Pavlovian facilitation to approach reward could make people pay more attention to gain compared with loss targets when having ambiguous expectancies.

In contrast to Experiment 1, the optimism robustness hypothesis was clearly supported: Optimistic expectancies biased participants' attention more strongly toward gain targets in comparison with loss targets than pessimistic expectancies biased participants' attention toward loss targets in comparison with gain targets, as shown by the RTs, time to first hit, and percentage of gazing at the target half a second after the first hit. The described Pavlovian tendency to approach reward but not punishment information could also represent an underlying mechanism of this optimism robustness effect because it explains why it might be more difficult to pay attention to loss targets when expecting to gain than to gain targets when expecting to lose. In conclusion, our cue and target congruency hypotheses and our optimism robustness hypothesis were confirmed for both attention orientation (RTs, time to first hit) and attention maintenance (percentage of gazing at the target half a second after the first hit).

General discussion {#sec033}
==================

Affective states that can be attributed to optimistic and pessimistic expectancies were successfully induced in the experiments reported here. Both experiments demonstrate that optimistic expectancies guide attention toward positive compared with negative stimuli. This was revealed in the RTs and eye gaze behavior during the visual search task in Experiment 1 for emotional face stimuli (except for the time to first hit) and in Experiment 2 for non-social letter stimuli. Moreover, in Experiment 2 we clearly demonstrated that pessimistic expectancies guide attention toward negative compared with positive stimuli. As predicted, optimistic expectancies had a stronger influence on attention deployment than pessimistic expectancies--shown by small-to-medium effects in the RT analyses of both experiments and the eye tracking analyses of Experiment 2. Moreover, this stronger influence of optimistic than pessimistic expectancies on attention was positively associated with individual differences in self-reported comparative optimism bias \[[@pone.0193311.ref002]\].

Modulation of attention by expectancy cues is in line with predictive coding theory, which states that humans create a mental template while expecting certain outcomes in their future and compare sensory information with this template \[[@pone.0193311.ref026],[@pone.0193311.ref027]\]. Furthermore, our findings correspond to empirical work on the interplay between expectancies and attention deployment to neutral stimuli \[[@pone.0193311.ref023]--[@pone.0193311.ref025]\].

In both studies, we show that optimistic expectancies guide attention toward positive in contrast to negative stimuli, a finding that is in line with Peters and colleagues´ (2015) results, even though different methods to induce optimism were used. Peters and colleagues (2015) showed that participants whose state optimism was increased by the Best Possible Self Manipulation (and those whose state optimism had unexpectedly increased by a presumably neutral control manipulation) gazed less at angry faces and more at joyful faces; we showed that optimism induced by cues signaling reward biased participants' attention toward rewarding compared with punishing stimuli (apparent in the RTs and eye gaze behavior). Therefore, inducing state optimism in the beginning of an experiment or inducing optimistic expectancies through cues on a trial-to-trial basis successfully bias subsequent attention deployment. Notably, Peters and colleagues (2015) could only show rather weak effects of state optimism on attention in post-hoc analyses on alternatively created experimental groups whereas we demonstrated much stronger effects of optimistic expectancies on attention to reward and replicated the effects using non-social stimuli.

In addition to replicating results that show optimistic expectancies guide attention toward reward in contrast to punishment, in our second experiment, we demonstrated that pessimistic expectancies guide attention toward stimuli signaling punishment in contrast to stimuli signaling reward. Notably, this effect was only present when non-social letter stimuli were used. This finding initially arose in Experiment 2 (which generally led to stronger effects), which appears to be counterintuitive as social face stimuli would better represent real life situations in which expectancies rely on information with an intrinsic affective meaning. A possible explanation lies in participants' answers to the post-hoc questionnaire about the experiments. Participants in Experiment 2 reported expectancy cues to be more helpful and important for the subsequent visual search task than participants in Experiment 1 (see [S1 Analysis](#pone.0193311.s001){ref-type="supplementary-material"}). It is conceivable that the search task in Experiment 2 was simply more difficult because letter target stimuli stood out less among distractors than the face stimuli did in Experiment 1. Therefore, participants probably had to rely more strongly on the information given during the expectancy phase of the experiment. However, in some conditions, the RTs in Experiment 1 were longer than those in Experiment 2. Thus, it is also possible that social stimuli captured attention to a greater extent (which is likely due to the stimuli's social interaction significance; potentially influential factors: emotional display signaling action intent, attractiveness, or gender). This implies that participants could withdraw attention from letters more easily than from faces. Because different participants were included in Experiments 1 and 2, it is difficult to draw final conclusions in this respect.

In both experiments, optimistic expectancies had a stronger influence on attention deployment than did pessimistic expectancies and this asymmetry in attention deployment was positively related to participants' self-reported optimism bias. Whereas in Experiment 1 only optimistic expectancies influenced subsequent attention to rewarding and punishing stimuli, in Experiment 2 both optimistic and pessimistic expectancies influenced attention but the effect was stronger for optimistic than for pessimistic expectancies (optimism robustness hypothesis). This robustness of optimistic expectancies was present in measures of attention orientation and attention maintenance. Therefore, both more automatic and more controlled or strategic types of stimulus processing during the different stages of attention were strongly influenced by optimistic expectancies. This finding underscores the outstanding relevance of optimism in determining attention processes that rely on very different mechanisms (such as salience detection during attention orientation and emotion regulation during attention maintenance; see \[[@pone.0193311.ref050]\] for details on the mechanisms underlying different stages of attention bias).

Emotion regulation goals may explain why optimistic expectancies influenced attention more than pessimistic expectancies in our experiments: First, pessimistic expectancies may have been overridden (especially when stimuli were processed in a more controlled manner during attention maintenance \[[@pone.0193311.ref050]\]). In this case, strategic attention on rewarding stimuli (represented by no or smaller effects of pessimistic expectancies compared with optimistic expectancies on attention in our experiments) might be an emotion regulation strategy serving to maintain a positive affective state, which could ultimately provoke a positive feedback effect on initially positively biased expectancies, thereby generating and stabilizing optimism bias.

Second, it is conceivable that people with optimistic expectancies do not want to confront themselves with disconfirming negative evidence and thus avoid attending to stimuli signaling punishment, enhancing attention for rewarding evidence. In this case, avoidance of punishing stimuli with coexistent attention on rewarding stimuli following optimistic expectancies represents an emotion regulation strategy that maintains optimism bias. As explained in the introduction, optimism bias is primarily viewed as a protective mechanism and people are highly motivated to remain optimistic even considering contradictory information \[[@pone.0193311.ref001],[@pone.0193311.ref003],[@pone.0193311.ref009]\].

Observations from our two studies imply that optimism bias and attention bias are strongly interrelated with dynamic bi-directional influences between each other that might vigorously strengthen both biases in the long run. Notably, our data might elucidate *why* people maintain their overly optimistic expectancies even when confronted with disconfirming information whereas they overcome pessimistic expectancies \[[@pone.0193311.ref009]\]. Attention processes apparently play a crucial role in this highly interesting phenomenon in optimism bias. As seen in our experiments, people pay less attention to disconfirming punishing feedback ("bad news"; compared with rewarding feedback) when they are optimistic than to disconfirming rewarding feedback (\"good news\"; compared with punishing feedback) when they are pessimistic (optimism robustness hypothesis). This asymmetry in attention deployment can explain why people update their expectancies when receiving good news but not when receiving bad news. Bad news might not be processed as deeply as good news, resulting in selective updating of expectancies when good news is received.

To strengthen this interpretation of our data, we performed additional analyses on the evolution in RTs over the time course of our experiment ([S2 Analysis](#pone.0193311.s002){ref-type="supplementary-material"}). When participants were confronted with disconfirming rewarding feedback while they were pessimistic, they adapted their orientation of attention quite rapidly over the course of the experiment, as shown by faster RTs in the second block of the experiment (steep learning curve). In contrast, when participants were confronted with disconfirming punishing feedback while they were optimistic, they adapted their orientation of attention rather slowly, as shown by faster RTs only in the third and fourth blocks of the experiment (flat learning curve). Slower learning regarding necessary attentional switching when being optimistic might also be related to updated expectancies over the course of the experiment. In conclusion, our novel findings suggest an underlying cognitive (i.e., attention-related) mechanism for asymmetric updating of expectancies, a crucial phenomenon implicated in the maintenance of optimism bias, with direct implications for mental health \[[@pone.0193311.ref003],[@pone.0193311.ref004],[@pone.0193311.ref009]\].

Some methodological features of this work might limit the conclusions that can be drawn about how optimistic and pessimistic expectancies influence attention deployment. First, most participants learned that gain and loss cues in our studies did not really represent a 90% chance of gaining or losing. This might have weakened the influence of expectancy cues on participants. In our design, we had to reduce the actual chances of gaining or losing to obtain enough incongruent trials for data analysis. However, several important considerations show that the expectancy cues in our studies influenced participants: (a) in most of the announced "90% cue" trials (in 67% of these trials) the expectancy cues correctly predicted the subsequent target. Moreover, participants were informed that the computer randomly chose a target, possibly leading to probabilities that differed from the announced average value of 90%, thus reducing the likelihood that participants distrusted the cues; (b) past experiments have shown that instructions about proportions can be sufficient to produce corresponding behavioral effects \[[@pone.0193311.ref051]\] (Experiment 1), even if the given information does not represent the true proportions; and (c) even if participants did not consciously believe the expectancy cues, the (possibly unconscious) effect of these cues on attention was still visible in the RTs and eye gaze behavior, thereby demonstrating their effectiveness.

Second, one might argue that the expectancy cues used in our studies did not actually induce optimistic and pessimistic expectancies. It would be possible that participants only drew on the predictive cognitive information the cues entailed (i.e., which specific target to search for) when performing the visual search task. This would imply that the differences in attention deployment we found solely derive from the cue's predictive information not from optimistic or pessimistic expectancies induced by the cues. However, such an interpretation of the data cannot explain the differential effect that gain compared with loss cues had on attention deployment in our studies (optimism robustness hypothesis) because the predictive cognitive information of the gain and loss cues was equal. Moreover, we demonstrate that participants with higher optimism bias scores as revealed by the COS \[[@pone.0193311.ref002]\] showed a stronger influence of gain compared with loss cues on their attention deployment. This implies that optimism and pessimism did indeed play a role in our experiments. Future studies might directly circumvent any doubts on whether the gain and loss cues in the present experimental design induce optimistic and pessimistic expectancies by adding a control condition containing a cue that is predictive of the target's identity but is not associated with gains or losses.

Third, we told participants that there will always be a target present in the visual search array. Consequently, some participants in Experiment 1 reported in the post-experimental questionnaire to have first looked at one side of the screen and pressed the button for the opposite side if the target was not present on the first side without further looking for the target. However, this strategy was not reported to be used in Experiment 2, which led to greatly overlapping results, making it very likely that this search strategy did not actually influence results. Moreover, even though some participants noted the use of this strategy in Experiment 1, eye tracking data showed that our expectancy manipulation influenced attention maintenance, implying that even if participants reported that they only looked at one half of the search array, they possibly unconsciously gazed at the target. Notably, there is no reason to suspect that employment of such a strategy would have had differential implications for optimistic and pessimistic expectancies. Thus, none of the limiting features mentioned here should have greatly influenced the findings reported in this paper.

In general, the findings are an important contribution to a more nuanced view of the processes at the basis of optimism bias. Modulation of subsequent attention processes from optimism bias is especially interesting because of its beneficial effects for mental health. Knowing that biased attention processes underlie important phenomena (such as selective updating) in optimism bias, which in turn are related to mental health, could ultimately yield a better understanding of psychological disorders and possible treatments. For instance, in contrast to healthy people, patients suffering from depression update their expectancies in both optimistic and pessimistic directions \[[@pone.0193311.ref003]\]. Patients with depression do not display a positive attention bias but attend preferably to negative information \[[@pone.0193311.ref052]\]. Maladaptive attention processes caused by an absence of optimism bias and/or resulting in an absence of selective updating of expectancies in patients could be addressed by attention bias modification training or even training that targets both future expectancies and attention deployment \[[@pone.0193311.ref012],[@pone.0193311.ref015],[@pone.0193311.ref016]\]. This approach is particularly important as optimistic biases in expectancies and attention might mutually reinforce and strengthen each other over time. The relationship of optimistic expectancies and attention is also important in non-clinical settings. For instance, when having a rough day, people can engage in a form of emotion regulation that incorporates active attempts at thinking positively and being optimistic about the future, thereby automatically driving their focus of attention to rewarding things in their environment, which likely results in enhanced well-being.

In conclusion, our data show that optimistic and pessimistic expectancies influence how we see the world around us and which aspects of our environment we direct attention to. Optimistic expectancies appear to be very powerful in biasing our attention to rewarding information, which underscores the uniqueness of optimism-related processing in humans and might provide information on which cognitive mechanisms are essential for the benefits of optimism bias. This can be central for fostering individual well-being and mental health. As we have shown that being optimistic or pessimistic influences which parts of our environment we pay attention to, we agree with Charlie Chaplin's famous words and know that we should look up and use all the optimism we can muster to ensure we see the beautiful rainbow.
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